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COMPRESSOR REFRIGERATION SYSTEM
UTILIZING THERMALLY STABLE
REFRIGERATION LUBRICANTS CONTAINING
ALKYL POLYHALOPHENYL ETHERS

BACKGROUND OF THE INV ENTION

The present invention relates to novel lubricant com-
positions for use in refrigeration systems, primarily of
the reciprocating i.e., piston driven compressor type,
which normally operate at discharge temperatures of
between 90° C. to 130° C. In particular, the present
invention relates to lubricant compositions having high
lubricity which are thermally and chemically stable in
the presence of and in contact with hot halocarbon
refrigerant vapor, such as chlorofluorocarbon vapor.

Refrigerant systems utilizing halocarbon refrigerants
such as dichlorofifluoromethane (R-12) and chlorodi-
fluoromethane (R-22) require very highly specialized
lubricants. Such systems may include not only food
refrigerators, but home air conditioners and heat
pumps, which in winter operate by extracting heat from
cold outdoor air. These lubricants must be resistant to
thermal and chemical decomposition at high tempera-
tures present during gas compression, in the presence of
and in contact with highly corrosive and extremely
reactive chlorofluorocarbon vapors, and must also pro-
vide adequate lubrication of bearings and piston-cylin-
der surfaces during cold start-up.

At low temperature, chloroﬂuorocarbon refrigerants
are highly soluble in lubricating oils, and depending on
the particular chlorofluorocarbon and the temperature,
separation occurs into two phases, one‘of high chloro-
fluorocarbon content and the other high in oil and low
in chlorofluorocarbon. During cold operation or during
the cold-cycle in the reciprocating compressor system,
this dilution of oil with chlorofluorocarbon results in
poor lubrication which causes high cylinder and bear-
ing wear, often accompanied by galling and seizing.
This in part is caused by the condensation of the refrlg-
erant in the crankcase in the cold atmospheric environ-
ment, so that the lubricant is diluted with refrigerant.

During start-up and with reduced suction pressure
. being applied, the lubricant in the crankcase is swelled
with gaseous refrigerant, as the llqmd chiorofluorocar-
bon boils out of the oil. A foam is produced, making it
extremely difficult to maintain oil pressure. Thus,

foamed oil is delivered through the galleries to the and
crank shaft bearings. This situation is aggravated when
R-22 refrigerant is used because phase separation of the
liquid refrigerant and lubricant occurs and a hlghly
_dlluted oil-froth emulsion and foam of very low viscos-
ity is delivered to the bearings and cylinder walls.

It is also well known that chlorofluorocarbon refrig-
erants very vigorously chemically attack the lubricants
and metal compressor parts, particularly at tempera-
tures of over about 100° C. “Coking” or carbonization
in the region of and on the pistons and hot discharge
valves, results from the thermal decomposition of lubri-
cating oil vapor and mist, in the presence of hot com-
pressed refrigerant vapor near the hot discharge valves
of the compressor. The temperature in this region can
exceed the 130° C. bulk gas temperature. Even higher
instantaneous temperatures are encountered in the
shock wave produced in each compression stroke. It is
known that the metals present in this area act as cata-
lysts to cause reaction of the chlorofluorocarbon with
the oils and additives to form gummy reaction products.
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It is largely for these reasons that ordinary non-refriger-
ation lubricants cannot be tolerated in refrigeration
compressors utilizing chlorofluorocarbons. :

Eiseman, in U.S. Pat. No. 2,943,057 sought to solve
“copper plating” and moisture problems in reciprocat-
ing compressor refrigerant systems employing chloro-
fluorocarbon refrigerants. Eiseman found that under
some conditions of operation, the chlorofluorocarbon
refrigerant and lubricating oils break down and form
reactive corrosion products which dissolve small
amounts of copper. This copper is redeposited on the
pistons, cylinders and valves of the compressor unit. In
addition, under some circumstances, moisture trapped
in chlorofluorocarbon refrigeration systems can freeze
in the copper capillary tubes of the system, blocking
passage of liquid refrigerant. Eiseman solved the “cop-
per plating” problem by using polyacrylonitrile fabric
as a slot liner, phase separator and winding insulation in
the motor of the refrigeration system. The moisture
freezing problem was solved by including a water solu-
ble antifreeze additive such as methanol, in the lubricat-
ing oil, which consisted of highly refined petroleum oil.

Mills et al, in U.S. Pat. No. 3,715,302, taught an
improved hydrofined hydrocarbon oil as the sole lubri-
cant in reciprocating refrigeration compressor systems
operating at up to 140° C. in a chlorofluorocarbon envi-
ronment. A dual naphthenic-paraffinic high boiling
petroleum oil is taught, where the nitrogen content of
the blend and/or one or more of the component oils is
reduced to less than 10 ppm. by an acid or acid-
activated clay refining treatment. These low nitrogen
content lubricating oils exhibited good chemical and
thermal stability in contact with chlorofluorocarbon
refrigerants, good miscibility with chlorofluorocarbon
refrigerants, and improved coke deposit problems in the
refrigeration system.

Luck et al,, in U.S. Pat. No. 3,878,112, recognized
problems in cold start up of centrifugal type compres-
sors, which normally operate in chlorofluorocarbon
refrigeration systems at moderate discharge tempera-
tures of between 70° C. to 90° C. Here, large volumes of
dichlorodifluoromethane are dissolved in the cold lubri-
cating oil on shutdown, reducing oil viscosity and dele-
teriously affecting oil pressure and lubricity properties
during startup. Luck et al., for centrifugal compressors,
used an oil consisting of diricinoleic esters of 2 to 5
carbon atom hydrocarbon glycols, such as ethylene
glycol, propylene glycol, 1,4-butanediol and 1,5-pen-
tane-diol, instead of naphthenic and alkylated benzene
oils. These synthetic lubricants had viscosities up to 600
SUS at 38° C. Luck et al. may optionally incorporate
into the ester based oil, small quantities of extreme pres-

sure lubricant additives, such as dodecylmono-
chlorodiphenyl oxide i.e.:
cl
o Ci2Has,

to help resist degradation caused by the 18,000 to 36,000
rpm. centrifugal impeller operating speed, and anti-
wear agents, such as tricresyl phosphate.

. The synthetic oils, taught by Luck et al., are too
viscous, and would not be sufficiently chemically stable
in the drastically more thermally severe reciprocating
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refrigeration compressor environment. What is needed
is a refrigerant lubricant composition, primarily adapted
for reciprocating type refrigeration compressor envi-
ronments, which can resist intimate contact with reac-
tive. and corrosive. chlorofluorocarbon . refrigerants,
especially in the hot discharge regions, at temperatures
up to at least 130° C., without excessive thermal or
chemical degradation. The composition should also
promote and provide improved lubricity in the hot
upper cylinders and discharge regions of the reciprocat-
ing compressor. i

SUMMARY OF THE INVENTION

The above problems have been solved, and the above
need met, by inclusion of a specific type of alkyl polyha-
lo-phenyl ether in the lubricating oil of refrigeration
compressors, primarily of the reciprocating type, oper-
ating in a halocarbon environment at elevated tempera-
tures. More specifically the alkyl polyhalophenyl ether
has the chemical formula: v

nX
—O~—R,

R’

where R=an alkyl group having from 4 to 18 carbon
atoms, n=a number from 1 to 4, preferably 2 to 4,
X=Cl, F, and their mixtures, and R’ is a group selected
from the group consisting of Cl, F, H, alkyl having from
4 to 18 carbon atoms, ;

phenyl , phenoxy o—,

and their combination; where, critically, the R alkyl
group is bonded to the chlorine or fluorine substituted
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benzene ring through an oxygen atom. Preferably X is |

Cl. X cannot be bromine or iodine, as these halogens
tend to be very unstable with chlorofluorocarbons and
hydrocarbon oils at high temperatures. This alkyl poly-
halophenyl ether can be added to a lubricating oil, pref-
erably having a viscosity of from about 75 SUS to about
500 SUS at 38° C,, in 2 minor amount, i.e., in the range
of from about 1 part to 20 parts/100 parts of lubricating
oil to provide an outstanding lubricant composition.
The —O—R linkage, unexpectedly, dramatically im-
proves thermal aging properties of the additive when in
contact with hot halocarbons. ,
This provides a lubricant composition that can be
used in a reciprocating compressor refrigeration system,
and be in and withstand vapor contact with highly
reactive and corrosive chlorofluorocarbon refrigerant
and other materials in the refrigeration system at tem-
peratures up to at least 130° C., while maintaining its
chemical stability, thermal stability and lubricity. This
lubricant composition is thus useful in one of the most
thermochemically degrading environments in which
lubricants are required. to act; i.e.,, R-12 or R-22 high
temperature reciprocating refrigeration systems. Here
even relatively miniscule thermal and chemical decom-
position will produce gums and resins that will plug up
delicate expansion valves and capillary tubes and other
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4
passageways through which the liquid refrigerant must
pass in controlled amounts.

BRIEF DESCRIPTION OF THE DRAWINGS

For abetter understanding of the invention, reference
may be made to the exemplary embodiments shown in
the accompanying drawings in which:

. FIG. 1is a side view, partially in section, of one type
of reciprocating refrigeration compressor system,
which can utilize the lubricant composition of this in-
vention, showing the location of the pistons and valves
where extreme operating temperatures and conditions
are encountered,

FIG. 2 is the infrared spectra for the material pre-
pared in Example 1,

FIG. 3 is the infrared spectr: for the material pre-
pared in Example 2, and

FIG. 4 is the infrared spectra for the material pre-
pared in Example 3.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The oil used as the base of the new and improved
lubricating composition of this invention will have a
viscosity preferably of from about 75 SUS to about 500
SUS at 38° C., and rmost preferably from about 75 SUS
to about 300 SUS at 38° C., with pour points preferably
not greater than about —25° F. The oil can be a highly
refined naphthenic base petroleum oil (well known in
the art, for example Suniso series 3GS, 4GS or 5GS) but
preferably is either a highly stable hydrofined mineral
oil (well known in the art, for example Tufflo series
6004, 6014, and 6024) or a polyalkylated benzene syn-
thetic lubricant oil (well known in the art, for example
“Zephron 150).

Hydrofined oil, such as produced by high pressure
hydrogeneration of oil in the presence of catalysts at
high temperatures, has been found to be extremely resis-
tant to thermal degradation in the presence of R-12 or
R-22 chlorofluorocarbon refrigerants at over 130° C,,
and is thus particularly well suited as the oil base of the
present invention. The thermal and chemical stability of
the hydrofined oils toward chlorofluorocarbon refriger-
ant is believed to result largely from the removal of
practically all of the remaining amounts of hydrocar-
bons containing nitrogen, sulfur and oxygen, and from
the hydrogenation of the unsaturated hydrocarbons
usually found in commercial refrigerator compressor
oils.

While these fully hydrofined oils provide excellent
thermal stability and chemical stability toward chloro-
fluorocarbon refrigerants, they generally have poor
lubricating qualities. Accordingly, used alone these
mineral base oils are usually unsatisfactory as lubricants
for chlorofluorocarbons refrigerant systems.

" Outstanding results have been obtained by using as
the oil component of the lubricant composition certain
polyalkylated benzene compounds. The general for-
mula for these compounds is:

R,

where R represents alkyl groups having an average of
from 8 to 24 carbon atoms, either straight chain or
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branched, and “n” represents a number from 2 to 4. The
alkyl groups may be the same or different, and may be
attached to different benzene carbon atoms in each
successive molecule. These alkylated benzenes usually
comprise a mixture of compounds in some of which
only a few alkyl groups may be present, while others
may have 4 or 5 alkyl groups. Examples of such com-
pounds are the di- and tri- dodecyl benzenes, and di- and
tetra-hexadecyl benzenes. Fractional distiilation is em-
ployed to separate the lower molecular weight prod-
ucts, such as the monoalkyls, then the next fraction
separated out will comprise progressively higher substi-
tuted compounds, namely those having two or more
alkyl groups.

The useful thermolubricity additive of this invention

is an alkyl polyhalophenyl ether, selected from alkyl

polychloropheny! ether, alkyl polyfluorophenyl ether,
and alkyl poly(chlorofluoro)phenyl ether i.e., having at
least one chlorine and/or at least one fluorine atom per
molecule, and mixtures thereof, having the following
chemical formula:

O—R,

R’

where R=an alkyl group having from 4 to 18 carbon
atoms, n=a number from 1 to 4, preferably 2 to 4,
X=Cl, F and their mixtures, and R’ is a group selected
from the group consisting of Cl, F, H, alkyl having from
4 to 18 carbon atoms,

phenyl , phenoxy

and their combination; where the R alkyl group is
bonded to the X substituted benzene ring through an
oxygen atom, and the position of R’ and the chlorine
and/or fluorine atoms can vary. Preferably, X is Cl. X
cannot be bromine or iodine, as these halogens tend to
be very unstable with chlorofluorocarbons and hydro-
carbon oils at high temperatures. This alkyl polyhalo-
phenyl ether is substantially completely soluble in the
base oil over the expected temperature range of the
refrigeration system, and is added in the range of from
about 1 part to about 20 parts by weight per 100 parts by
weight of base lubricating oil. ,

The lubricant composition provided is highly resis-
tant to chemical reaction with the chlorofluorocarbon
and/or the materials in the refrigeration system at the
expected temperatures and operating conditions of the
refrigeration system. Use of over about 20 parts of the
thermolubricity additive, thermal and chemical stability
of the lubricant composition in the presence of hot chlo-
rofluorocarbon contact begins to suffer. Use of under
about 1 part, lubricating ability of the lubricant compo-
sition in the presence of hot chlorofluorocarbon is not
sufficiently effective.

The attachment of one or more chlorine and/or fluo-
rine atoms to the required benzene ring of the molecule
imparts extremely good lubricity. The greater the num-
ber of chlorine and/or fluorine atoms, the greater the
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lubricity and the less additive required, therefore at
least two fluorine and/or chlorine atoms are preferred.
Bonding of the alkyl group, R, to the halogen substi-
tuted benzene ring through an oxygen atom is critical,
and adds significantly to chemical stability and thermal
aging properties in the presence of chlorofluorocarbon
refrigerant. The oxygen atom ether linkage, between
the alkyl, R, group and the halogen substituted benzene
ring, is found to be chemically inert toward chloro-
fluorocarbon. Also, outstanding lowering of the freez-
ing point is accomplished by the proper selection of the
alkyl ether group, and the viscosity-temperature char-
acteristics are found to improve in these alkyl ether type
structures. Finally, the alkyl ether molecular structure
allows one to easily change the properties desired in a
given molecule by rearranging the number of halogen
atoms on the phenyl group and varying the chain length
and degree of branching in the alkyl ether portion of the
molecule. The alkyl group, R, is preferably long
chained, i.e., 8 to 18 carbon atoms, and the chains pref-
erably are branched, to reduce the vapor pressure, and
to increase the boiling point of the additive.

Some examples of useful thermolubricity additives
include, among others, 2-octyl pentachlorophenyl
ether; 2-octy! 2,5-dichloro 3,6-difluoro phenyl ether;
octadecyl 2,4,6-trichlorophenyl ether; 2-ethylhexyl 2,4~
dichloropheny! ether; and 2-octyl 2,4-dichlorophenyl
ether. The majority of these materials can be easily and
inexpensively synthesized by reacting the sodium salt of
the selected chlorinated or fluorinated phenol with the
desired alkyl halide by refluxing in a suitable solvent.
The solvent is chosen, in part, to elevate the boiling
point of the reaction mixture. This is followed by appro-
priate work up and distillation or crystallization of the
desired product.

The well recognized and commercially available
anti-wear additives used in many premium hydraulic
and automotive oils such as, for example, the tricresyl
phosphate esters and the family of zinc dialkyl dithio-
phosphates, are not particularly advantageous for use in
the reciprocating type refrigerant system of this inven-
tion, and are specifically excluded from the lubricating
compositions described herein. When these additives
are present, the lubricants are vastly inferior, with re-
gard to thermal stability, as compared to the lubricating
compositions of the present invention, by virtue of gross
chemical attack by the chlorofluorocarbon refrigerants.

Referring now to the drawing, one type of recipro-
cating compressor 1 for a refrigerant system is shown.
The lubricant composition of this invention can be used
in a wide variety of standard systems, as well as in the
rather sophisticated hermetically sealed refrigeration
compressor shown. The generally cylindrical shell 10
has an inlet 12 through which the chlorofluorocarbon
gas refrigerant in the suction line is admitted to the
shell, and one or more discharge gas tubes 14 through
which the compressed gas exits from the shell. The
upper part of the shell houses an electric motor 16
whose rotor 18 is fixed to the upper end of the crank-
shaft 20 to rotate the crankshaft.

In the illustrated unit, the compressor has two cylin-
ders 22 in which the two pistons 24 reciprocate as they
are driven by the connecting rods 26 which have their
one ends connected to the pistons and their other strap
ends rotatably coupled to that lower portion 28 of the
crankshaft which is provided with the crankpins of the
crankshaft. The extreme lower end portion of the
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crankshaft 28 includes lubricant inlet means 30 for ad-
mitting lubricating oil from the sump 32 into a vertically
extending passage 34 in the crankshaft to carry oil to the
bearings. The cylinders 22 are closed by heads 36 which
contain suction and discharge valves which are not
completely shown.

The shock wave temperature at the surface of some
portions of the hot discharge valve and piston, at the
top of the compression stroke, can exceed the bulk gas
discharge temperature, which has been measured as
high as 130° C. At these points especially, as at point 38,
contact of lubricant composition with vapor phase chlo-
rofluorocarbon in the presence of hot copper and/or
aluminum and/or steel, acting as a catalyst, will provide
a uniquely harsh environment which promotes refriger-
ant reaction and thermal and chemical decomposition of
the lubricant composition.

In the examples below, lubricating ability of the lubri-
cant composition was evaluated using the Falex E.P.
(seizure) test and the Falex Wear Test. Resistance to
refrigerant was assessed by evaluation in the Sealed
Tube Test. In the Falex E.P. (seizure) Test, data is pro-
vided on the lubricating ability of the lubricants in terms
of maximum load carrying ability to the point of failure.
In this test, the higher the value, the better the lubricant.
The Falex Wear Test involves the application of a
known load to two self-aligning V-blocks that squeeze a
small rotating shaft. In testing, a new test piece is bro-
ken in at about 50 pounds (gauge-load) for 10 minutes,
followed by running at a 200 pound (gauge-load) for 10
minutes, followed by a 200 pound (gauge-load) run for
5 minutes. A 250 pound (gauge-load) is then applied for
the duration of the test, which is approximately 4 hours.
A 250 pound (gauge-load) pressure in this test corre-
sponds to from about a 15,000 psi to 20,000 psi. load on
the projected wear area, and represents a very severe
test for boundary lubricating ability. Any wear which
occurs on the test pieces is reflected by a drop in the
applied load as indicated on the gauge. Thus, every
fifteen minutes, the applied gauge-load is readjusted to
250 pounds (gauge-load) and the take-up, on a cali-
brated wheel, is recorded as wear units. The wear in the
following table is expressed as “wear units per hour”
and represents the total number of wear units recorded
over a four-hour period divided by four. For details, see
“Falex Lubricant Testing Machine” Instruction Manual
issued by Faville-Le Valley Corp., Bellwood, Iil. In this
test, the lower the value, the better the lubricant.

With regard to thermal and chemical stability, the
standard “Sealed Tube Test” has been utilized. This test
is described in detail by H. Elsey in “Small Sealed Tube
Procedure for Quality Control of Refrigeration Oils”,
71 ASHRAE Transactions, Pt. 1, p. 143 (1965). Gener-
ally, this test involves the introduction of equal amounts
of lubricant and refrigerant, together with samples of
the compressor metals with which the lubricant and
refrigerant come in contact, into a clean, dry glass tube.
The loaded tube is sealed and heated to the requisite
temperatures and held for a long period of time. These
tubes are visually inspected at set time intervals and
changes in color and appearance of the lubricant noted.
Such color changes are measured against standard color
photographs illustrating a color scale from 1=transpar-
ent (no decomposition) to 12=black (failure decompo-
sition).
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EXAMPLE 1

This example involved the preparation of solid octa-
decyl 2,4,6-trichlorophenyl ether. In this preparation,
316 g. of the sodium salt of 2,4,6-trichlorophenol (1.6
moles) was reacted with 461.6 g. (1.6 moles) of 1-
chlorooctadecane, by refluxing for 48 hours in a mix-
ture of 1,250 ml. of butyl Cellosolve, containing 200 ml.
of water. As the reaction proceeded, water was re-
moved by means of a Dean Stark trap, to bring the
reflux temperature to approximately 170° C.

After cooling, the reaction mixture was diluted with
1,000 ml. of deionized water, and the resulting white
crystalline product was precipitated. This crystalline
product was repeatedly extracted with cool toluene.
The combined extracts were dissolved in warm toluene
and washed to neutrality with warm deionized water,
and finally dried over anhydrous sodium carbonate.
Three samples of crystalline product were obtained by
evaporative crystallization from the dried toluene solu-
tion. Yields and melting points were as follows: First
sample: 269 g. (37%) mp. 47° C. to 50° C. Second sam-
ple: 288 g. (40%), mp. 42° C. to 44° C. Third sample: 15
g- (2.1%) mp. 41° C. to 44° C. The overall yield was
79.1%. A portion of the first sample was recrystallized
to constant melting point (49° C. to 50° C.) from a solu-
tion of methanol containing 10% toluene, to establish
the melting point characteristic of the pure compound.
Infrared spectra for this material are shown in FIG. 2 of
the drawings.

EXAMPLE 2

This example involved the preparation of liquid 2-
ethylhexyl 2,4-dichlorophenyl ether. In this prepara-
tion, 6.78 g. of sodium hydroxide (0.16 mole) was dis-
solved in 100 ml. of water and added to 26.08 g. (0.16
mole) of 2,4-dichlorophenol, and the solution was
stirred for 1 hour at 60° C. Then, 22.3 g. (0.15 mole) of
2-ethylhexyl chloride was added in a thin stream, and
the mixture was refluxed for 18 hours. At this point, 125
ml. of butyl Cellosolve was added and the water was
removed using a Dean Stark trap, to retain the alkyl
chloride. Thereupon, the solution was refluxed at 170°
C. for 24 hours.

After cooling, the reaction mixture was poured into 2
liters of water and the organic layer was removed using
a separatory funnel. After washing several times with
deionized water the product was dried over anhydrous
calcium sulfate. After drying, the fluid was distilled
under vacuum. The main product (18.5 g. 43%) was
distilled at 114°-118° C./0.2 mm.Hg. The refractive
index was np?3 1.5119, using an Abbe refractometer.
The pour point of the 2-ethylhexyl 2,4-dichlorophenyl
ether fluid was found to be below —60° F. Infrared
spectra for this material are shown in FIG. 3 of the
drawings.

EXAMPLE 3

This example involved the preparation of liquid 2-
octyl 2,4-dichlorophenyl ether. This compound was
prepared by reacting 34.23 g. (0.21 mole) of 2,4-
dichlorophenol with 29.74 g. (0.20 mole) of 2-chlorooc-
tane, in the presence of 8.9 g. (0.21 mole) of sodium
hydroxide in 200 ml. of water. The reacting conditions,
solvent medium (butyl Cellosolve) and work up, were
the same as described in Example 2.

After drying, the liquid product (18 g., 31.1%) was
distilled at 122° C. to 125° C./0.6 mm.Hg. The refrac-
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tive index was np?3 1.5098, - using an Abbe refractome-
ter. The pour point. of the 2-octyl 2,4-dichlorophenyl
ether fluid was found to be below —60° F. Infrared
spectra for this material are shown in FIG. 4 of the
drawings.

In the Falex tests, 5 parts by weight of the alkyl poly-
chlorophenyl ethers of Examples 1, 2 and 3 were added
to 95 parts by weight of a synthetic alkylatéd benzene
oil having a viscosity of about 150 SUS at 38° C. and a
pour point of —35° C. (sold commercidlly under the
trade name Zephron 150 by DuPont) to provide Sam-
ples 1, 2 and 3 respectively. For comparison, Falex tests
were also run on Zephron 150 withno additive, Sample
4, and on a fluid consisting of 5 parts by weight of dode-
cylmonochlorodiphenyl .oxide added to .95 parts by
weight of Zephron 150, Sample 5. The results are
shown below in Table 1:
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seizure load capacity of only 500 lbs. in the Falex Sei-
zure Test. The alkyl polychlorophenyl ethers of this
invention are shown to promote lubricating ability very
similar to the dodecylmonochlorodiphenyl oxide addi-
tive in the Falex Wear Test. Moreover, in the Falex
Seizure Test, they generally exceeded the values ob-
tained with the dodecylmonochlorodiphenyl oxide ad-
ditive in ultimate seizure load: capacity. In the Falex
Wear Test, values below 30 units/hr. are considered
outstanding, the lower the unit/hr: value the better the
lubricant. In the Falex Seizure Test, values over 550
pounds are considered outstanding, the higher the with-
stood load valile the better the lubricant.

In Table 2, the alkyl polychlorophenyl ethers. are
shown to exhibit their superior resistance to decomposi-
tion'in contact with R-22 and R-12 chlorofluorocarbon
refrigerants at 175° C. Heére, the lower the value the

"TABLE 1*
Falex Seizure and Wear Tests L
’ Falex Falex Wear
Seizure at 250 Ibs.
. gauge-load gauge-load
Sample Base Qil . Additive Amt, (Ibs.) (units/hr)
1 Zephron 150 Octadecyl 2,4,6- 5% 750 23
. ’ trichlorophenyl ‘
. ether e o Co :
2 Zephron 150 2-ethylhexyl 2,4- 5%. , 1,000 19
. dichlorophenyl ether - )
3 Zephron 150 2-octyl 2,4- di- : 5% 1,000 - 27
chlorophenyl ether
4¥* Zephron 150 — — 500 Failed
5 Zephron 150 Dodecylmonochloro 5% 750 19

dipheny! oxide

*All tests were run, steel vs, steel, using SAE 3135 test pins and SAE 1137 V-blocks.

**Comparative Examples.

Thermal aging tests were carried out in sealed tubes
at 175° C. for 490 days on 5 parts and 7.5 parts by
weight of the alkyl polychlorophenyl ether of Example
1 added to 95 parts and 92.5 parts respectively by
weight of Zephron 150, Samples 1 and 1’ respectively,
Table 2. In addition, this test was run on Zephron 150
alone, Sample 4, Table 2, and with 5 parts by weight of
dodecylmonochlorodepheny! oxide per 95 parts Zeph-
ron 150, Sample 5, Table 2. The results are shown
below in Table 2, involving, in the one case, equal
amounts of R-22, chlorodifluoromethane and in the
other case, equal amounts of R-12, dichlorodifluoro-
methane:

TABLE 2*
Sealed Tube Thermal Aging Tests
Rating Rating
Sam- in R-22 in R-12
ple - Base Oil ~Additive Amt. at175°C. - at'175° C.
1 Zephron Octadecyl 2,4,6- * 5% 0.5 8.5
150 trichlorophenyl
ether
1 Zephron Octadecyl 2,4,6- 7.5% 1.5 7.5
150 trichlorophenyl
ether
4**  Zephron — — 0.5 5.5
150 _
5**  Zephron Dodecylmono- - 5% 1.5 9.5
150 chlorodiphenyl
oxide

*1 = clear (no decomposition); 12 = black (complete decomposition)
**Comparative Examples.

As can be seen from Table 1, an additive to the base
oil is essential to provide adequate lubricity under se-
vere operating conditions. The Zephron 150 without an
additive failed the Falex Wear Test and had a maximum
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better the chemical and thermal resistance to hot chlo-
rofluorocarbon refrigerant, and the more resistant the
lubricant composition will be to decomposition in the
vicinity of the hot discharge valves in a reciprocating
refrigeration compressor. Values below 9.0 are consid-
ered outstanding resistance in to R-12, and values below
4.5 are considered outstanding in resistance to R-22. As
can be seen, the R-12 is far more chemically reactive
with the lubricants than is R-22 refrigerant. The Zeph-
ron 150 alone is very stable, but as shown in Table 1, it
is very poor in lubricating ability. Here, the alkyl poly-
chloropheny! ether additive showed superior results as
compared to the dodecylmonochlorodiphenyl oxide.
Overall, the alkyl polychlorophenyl ether is shown to
be the superior additive for halocarbon containing re-
ciprocating compressor environments. Similar results
would be obtained with alkyl polyfluorophenyl ethers
or alkyl poly(chlorofluoro)phenyl ethers.

We claim as our invention:

1. A compressor refrigeration system employing a
halocarbon refrigerant, having a lubricant composition
1in contact with the halocarbon refrigerant, the lubricant
composition having lubricity and chemical and thermal
stability in the presence of halocarbon refrigerant at
temperatures of up to 130° C., the lubricant composition
consisting essentially of a thermally stable oil containing
a minor amount of a thermolubricity additive having
the chemical formula:



4,355,960

11

R’

where R=an alkyl group haﬁng frorﬂ 4 to 18 carbon 10 :

atoms, n=a number from 1 to 4, X=CL, F and their
mixtures and R’ is a group selected from the group
consisting of CL, F, H, alkyl having from 4 to 18 carbon
atoms, phenyl, phenoxy, and mixtures thereof, said ad-
ditive being substantially completely soluble in the oil
over the expected temperature range of the refrigera-
tion system, the additive providing for good lubricity
and thermal stability in the lubricant composition at
cold start-up, and at hot compressor operating tempera-
tures while in vapor contact with hot halocarbon refrig-
erant, and the lubricant composition being highly resis-
tant to chemical reaction with the halocarbon and/or
the materials in the refrigeration system at the expected
temperatures and operating conditions of the refrigera-
tion system.

2. The system of claim 1, where the refrigeration
system contains a reciprocating compressor, the oil has
a viscosity at 38° C. of from about 75 SUS to about 500
SUS, the halocarbon refrigerant is a chlorofluorocar-
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12
bon, and the lubricant composition contains from about
1 part to about 20 parts by weight of additive per 100
parts by weight of oil.

3. The system of claim 1, where, in the additive for-
mula, X=CL and R=an alkyl group having from 8 to
18 carbon atoms.

4. The system of claim 1, where the oil has a pour
point not greater than about —25° F.

§. The system of claim 1, where the oil is a polyalk-
ylated benzene compound.

6. The system of claim 1, where the R group is a
branched chain structure, and n=a number from 2 to 4.

7. The system of claim 1, where the additive is se-
lected from the group consisting of octadecyl 2, 4, 6
trichlorophenyl ether; 2-ethylhexyl 2,4-dichlorophenyl
ether; and 2-octyl 2,4-dichlorophenyl ether.

8. The system of claim 1, where the refrigeration

" system contains a reciprocating compressor operating
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at discharge temperatures up to about 130° C.

9. The system of claim 1, where the refrigeration
system contains a reciprocating compressor having
pistons reciprocating within cylinders closed by heads
having discharge valves, where the valves operate at a
temperature of about 130° C. and in which vaporous
chlorofluorocarbon contacts lubricant composition in

the area of the hot discharge valves.
* * * * %
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